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REGULATION OF NEURAL ENZYMES

This invention relates to methods of regulating the effect of neurai enzymes. It
particularly relates to increasing the effective amount of the neural enzymes choline
acetyltransferase (ChAT), glutamic acid decarboxylase (GAD) and nitric oxide -

synthetase (NOS) in the central nervous system (CNS).
BACKGROUND OF THE INVENTION

GPE is a tripeptide consjsting of amino acids Gly-Pro-Glu. It and its dipeptide analogs

Gly-Pro and Pro-Glu were first disclosed by Sara et al in EP 0366638. The suggestion

made by Sara et al is that GPE has neuromodulatory properties (the capability of
affecting the electrical properties of neurons). GPE has also been established as having

neuropfotective properties and therefore having utility in the prevention or inhibition

of neural cell death (WO 95/17204).

To date however, there has been no teaching or suggestion of GPE or its anaiogs having
any direct effect on the effective amount of neural enzymes present in the CNS. There
has certainly been no suggestion of GPE having the ability to upregulate expreséion of
the neural enzymes, ChAT, GAD and NOS. and/or of their receptors. |

v ATTL LTy T T T e e e e T TR =

A‘_ChAT is mvolvcd m thc synthesm of the ncurotransmltter acetvl cholme An ability to

upregulate ChAT expressan thercfore has 1mplxcauons for neural muscular and§

- ncuromuscular therapy and prophylaxls mcludmg whcrc the survival of- ncural cells'
25 i

is not threatened. o Bk Y vt

. - - A vt s M
I SR ARSI BT [T
L A L S

. . o .
i v it . 3 W3 r)l_‘

,,,,,

“.'ammo butyric acid (GABA) An ability to upregulatc GAD expression thercl‘ore has~

[SER it . >

NUS nas multipie xuncuons mn the Dram. lncmamg regmaung biood. " llow. ‘ceii'

metabolism and cell survwaJ -An abl]lt_y' 1o regulate NOS exprcssxon usmg GPE
therefore has xmplncatlons for neural thcrapy and prophylax;s mcludmg where the

survival of neural cells i5 not threatened.
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It is the.object of .this invention to provide new approaches to neuronal therapy or
prophylaxis which involve directly upregulating the .expression of neural enzymes

present in the CNS, or at least to provide the public with a useful choice.
5 SUMMARY OF THE INVENTION

.1In a first. aspect,, the invention provides a method of treatment of a patient. suffering.
from or susceplible to a condition .in.which an increase in.the amount of a neural
enzyme selected from ChAT, NOS and GAD is desirable, which method comprises the

- -10-. _step of increasing the effective amount.of GRE. or an-analog thereof withir: the CNS of
said patient.....-, coyacove g s e |
ST SRS RS Ny SN S IS 20 o D N P

In.a ‘fur_t,t_l,egg.s_,pq,ct; _tt(a{q;ig\;;en‘_tio‘n provides: a-method of increasing the amount of the

neural enzyme ChAT in a patient for therapy or prophylaxis of a neurclogical disorder
15 or condition, said method comprising the step of increasing the effective amount of
.. GPE or an analog thereof-within;the CNS of said patient.

YRR AT TR & Y S e .

In still a further first aspect, the invention provides a method of increasing the amount
of the neural enzyme GAD in a patient for therapy or. prophylaxis of a neurological
20 disorder or condition., said method comprising the, step of increasing the effective

amount of GPE or an analog thereof within the CNS, of said patient.’ .

In yet a further aspect, the invention provides a methed of.increasing the amount of the
neural enzyme NOS in a patient for therapy or prophylaxis.. said method comprising
25 the step of regulating the effective amount of GPE or an analog thereof within the:CNS
of said patient.
- -.rIncreasing the amount! of ameural enzyme.is through upregulation of expression of
the neural enzyme. SR . '
30 EC y .
By "analog’ it is meant the dipeptides - Gly-Pro.and Pro-Giu as well as any other srnall -
peptide which is capatle ¢f effectively-binding to. the receptors.in the CNS GPE binds
to and of inducing an equivalent upregulatory effect upon the expression 6[ ChAT.GAD

or NOS and/or their respective receptors.
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Most preferably, il is the-effective-amount of GPE itself which is increased within the
CNS of the patient. This can be effectedby direct:administration of GPE.and indeed
this is preferred. However, the administration oﬁédmp0und§'which indirectly increase

the effective amount of GPE (for example a prodrug which. within the patient is cleaved

| S T VA SRR

to release GPE) is in no way excluded. PO

- The active ecompound {GPE or its analeg)'can-bé administered -alone or. as is preferred.

ir.

. as part of .a pharmaceutical composition.:r=:orhiie > R

PO o R N SRS T A TNy i e PN
Clva N R SN TS N AN A A R R A S )

- The composition ‘can’ beadministered: to the patiént periphérally (for ‘examiple’ by a

parenteral route such as injection into the peripheral circulation) or can be

administered directly to the CNS. This latter route of administration can involve. for

"example, lateral- cerebro-ventricularifijection ior 4’ §urgically ffisertéd 'shunt into the

;" lateral cerebro ventricle of theé brainiof tHe ‘patienty = 11 7.0 /i i e o
SR NGV B I T & PR TS AL DYSS PR STUN L B S SYRL NP RS N BETE IS

Conveniently, the expression-of ChAT and/6r its receptors is upregulated through the
administration of GPE or its analogs in the prophylaxis or therapy of one or more of

IS T T L L P R~ IR B B S

the Afollowmg: S 1 BTN A S P N VIS S R S R RIS

Motor neuron disease; "+ i foaaling g ooy A0 ’

- ‘Alzheimers disease; »' "' .1 Dosren bl on g
Muscular dystrophy: | i o bt mainn o,
Peripheral neuropathies; ' — ' /
‘Autonomic néuropathies; > " - el

Mcmory lOSS"; aﬂdAp T Y rbas TOT ORI G a s L0 Ty Wl

¢t .- Neurodegeneration‘due to aging: - ~ «:itiouo o R e gate L

Conveniently. the expression of GAD and/or its receptors is upregulated through the

- administration of GPE or its analogs in:the prophylaxis’or. therapy.of-oné¢ of' more of

the following: PIEEPEERY
postasphyxial seizures;
«convulsive disorders such as epilepsy:.and: ..o iiov50 o5 0 7
mrrm e abicen Adianama m mvre ot A Llsserbimttaene . "
LZAVEF Y \)u\'s\—l"\vl Q@ativ. !JLOVG:?\—O‘ AT RAN LAY GAaT & lwltlllstvllv- t LT

L A
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Cdnveniengly. the expression of NOS and/or Its receptors,is upregulated through the
administration of GPE or its analogs in the prophylexis or therapy of one or more of

the following:

. subarachonoid-haemorrahge;: - o e e
transient ischemic attack; ;. - | - . LRI
stroke;
multinfarct dementia: N S mnemind

cerebral vasculitis; and
.. (raumatic brain injury.

S els e moeri hes wyciel ot aaeviaol

.In a further aspect,.the invention also:consists in-the use of GPE or an .analog thereof

oL .2

., in the manufacture.of a medicamnent for:use in increasing the amount of ChAT, GAD

.ot NOS,present in the'CNS. jue ¢ js 0870 L, i w : D ;

Tirowte e~ S Y .

BRIEF DESCRIPTION OF THE DRAWINGS

15
Coe ey e em o, DM 3T el vee
The present invention is broadly as defined above. ~Howe\.(er,.th05cpéréons skilled in
the art will appreciate that it is not limited only. to the:above but that it also includes
embodiments of which the following description provides examples. A better
.+ 20 . understanding of.the present invention. will;also be gained: through reference-to the
- accompanying drawings in whichs - - .- 2 - ~.--§;:~, e ey
Do L Lo IR AR ol e, T ' '
Figure L.shows:the nuinber, of.ChAT-positive neurons following: treatment with a
. éontr_ol vehicle or with 3 pg of GPE.2 hours -after induced hypoxia; -+
;25'1 : . SN P PO >: P Py
Figure 2 shows the number of GAD-positive neurons following treatment with a control
vehicle or with 3 pg of GPE 2 hours after induced hypoxia: '
R TR P U T AN T S S RSO (AR SR RN R S i
., o i Figure 3 shows:the prumber.of NOS-positive neurons following vlreatmér‘)‘ywith ;1 control
30, .vehicle or.with 3-pg:0of GPE-2 hours-after induced hypoxda: - .i.

RO S

T T N

q

Figure 4 shows the effects of GPE on the number of GAD-pcsitive neurons following

quinolinic acid-induced injury to the brain;

BNSDOCID: <WO___9814202A1_|_>
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- Figure 5 shows the effects of GPE 'on the number of NOS- posmve neurons following

quinolinic acid-induced injury to the brain; and

Figure 6 shows the effects of GPE on the'number ¢f ChAT:positive neurons foliowing

L I [

quinolinic acid-induced injury to the brain.
DESCRIPTION OF THE INVENTION

As indicated above, the present invention i$ broadly based upon the applicants

surprising finding that GPE and its analogs are capable of increasing the amount of

. certain neural enzymes within the CNS»* This iftcréase. whichiis through upregulatmg

15

- 20

25

30

;administration. . .0 e v s gy

enzyme expression, is achieved through-‘incréasing the¥effettive” coricentration or
amount of GPE or the analog in the CNS of a patient” THe iiedrdl enzythes specifically
upregulated in effect-are ChAT, GAD and NOS. '

LA RS B Auh . ERS

It is presently preferred by the applicants that GPE itself be used to increase the

~amount of the-neural enzyme: Most convemenuy ithis i& ‘cffected! through the direct

(AN RIS JEEE S A S e “. <Y e

administration’ of GPE to the patient.' . 07 0 5 1hh0 ot sy

PSRRI PO! TSR RN L RS S FOA YA
However, whilé this is preséntly preferred, there is nd intention on the’part of the
applicants to exclude administration of othér forms 6f'GPE: By way of example, the
effective amount of GPE in the CNS can be increased by administration of a prod'rug
form: of GPE which comprises GPE and a'carrier; GPE:and the carrier being joined by
a linkage which is susceptible to cieavage ‘or digestion withiri ‘the patieni.-‘Any suitable
linkage can be employed which will be cleaved or dlgested to release GPE fo]lowmg

PP
et

W ,:,.’,-

. i .. R PR Y S o U R S LR A S S S 3ot
S . R RERN TG SAPE [O% A .‘,)',._4, I

It is further preferred that GPE be administered as part of a medicament or

“pharmaceutical preparation. . -‘This ‘‘can ’involve ~¢ombination- of 'GPE" with -any

pPharmaceutically .appropriate ‘carrier. :adjuvani or ‘excipieni.-: The sélection of the
carrier, adjuvant or excipient will of course usually be dependent upon the route of

administration:to he emnlaved oo TR L s ne ey

BNSDOCID: <WO__9814202A1_I_>
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The administration route can vary widely. An advantage of GPE is that it can be
administered peripherally. This means that it need not be administered directly to the
CNS'of the patient iri*order to have effect in the CNS. -

< .-Any peripheral Toute of administration known in the art ‘can'be employed. These can
" inciude paresnteral routes with injéé¢tion into the peripheral circulation being a suitable
" example. However, alternativé administration routes selected from oral. rectal, nasal.

. subcutarieous; inhalation, intrapéritonial’ or! intramuscular ¢an be ‘employed.

- PRI . [ . B
B O R S A EEE S [ LN P

*Two of theé' mdst convenient ‘administration routes will be: by v (cg dlssolved in 0.9%

sodium-chloride) 6F orally’in a capsiile).

-----

-GPEto the CNS of thé patient.”"Again:‘this can be achieved by any appropriate direct

Zdministration route: EXamplés include administration by lateral cerebro-ventricular

" -injéction or through'a surgically- mserted shuntinto the-lateral cercbro ventricle of the

N1 . co- - RO

brain of the' patient: t - Fifsact7f o "

P S et e TR e T . S . -
i PO T Y TERD L OO S - - RS - : .

_ The calculation of the efféctive amount 6f GPE or its'analogs to be administered will -

‘be routine to those persons skilled in‘thi$ art. -Ncedless to say. the final amount to be
radministered will be dependent upori‘the roiite’of administration and upon thé nature
‘of the neurological disorder or condition which is o be treated. A suitable dose range
may for €éxample be bétweéer about 0.04 yg t6'100C pg of -GPE and/or lanalog per 100

* g of body weiglit where:! the:dose-is administéred cer.trally -

e i ;s - o AN 4 T . . L AL
B N BT T D S SO S T - L 2t N B .

"*GPE and its anal6gs can’be obtained froma suitabie cornmercial source. ‘Alternatively.

GPE and its anialogs can bé 'directly synthesised by convéntional methods such as the

- ‘stepwise s5lid phase synthésis meéthod of Merryfield et al. (J. Amer. Chein. Soc. 85
T12149:2156 (1963)) Alternatively. “Synthesis can involve the ‘use ‘of commercially
“7available peptidé Synthesisers such as'the Appiiéd Biosystems ‘model 430A.

N Lo s - v e ome em tug . . .. . s . e
1% N A B E PRI o0t . . s .. . S

The present ‘invention w1ll ‘now be illustrated with reference ‘té the following non-

.

. llmltmgexamples R TR IS N

-
g
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-Examplel .. , ... . .. .

The objective of these studies was o determine the effects of-administering GPE on
expression of ChAT in the presence or absence of CNS injury. The experiment
- 5 involved treating the rats with a control.vehicle or GPE 2 hours after a.focal CNS

injury. These rats had an hypoxic-ischemic. injury to one cerebral-hemisphere induced

- in a standard manner (ligation of the carotidartery)., The degree and length of hypoxia. ..

the ambient temperature and_ihuminty;wgpg-:ldgﬁlncd_.,to_.stax‘idardise-:the --degree:'i(')r
damage. The neuronal death is restricted to the side of the carotid ligation-and is ¢
10 prima_ri_l_y in the hippocampus, dentate gyrus.striatum; and lateral: cortex of the ligated

hemisphere. There is no neuronal loss.in, the contralateralihemisphere::;, - .

.. ."Specifically, nine pairs of aduilt ‘wistar, na,tg;(ZIS“QEQZ‘QgZ)Q:-_‘Wereg:p;repa'red under

i

N . halothane/QO, anaesthesia. . The.right sic;l_c;-«_-&arogidggﬁqy,;wa,s. ligated.; A guide cannula
.15 was placed on the dura 7.5mm anterior.from stereotaxic zero.and-1.5mm from midline
.on the right. The rats were allowed to recoverfor:1:hour; and were then placed in an
incubator with humidity 90+/-5% and temperature 31-+/-0.5?C~for 1 :hour before
hypoxia. Oxygen concentration was reduced and maintained at 6+/-0.202% for 10

.. Ininutes. Jhtj rats were kept in-the;incubater:for:2, hours after hypoxia. and then
...20 treated either with 3ug.GPE or vehicle -alone (Q.1M. citrate buffer [pH6). diluted 10
. times in, 0.1% .bevine. serum ,albumin. in 0.1M..phosphate buffered saline [PBS]

. .'IpH7:3}). A further 6.rats were used as normal-controls. .The rats were sacrificed

- using pentobarbital-3 days after  hypexic:schemic injury. Brains, were perfused with
l:lormal saline and.4% paraformaldehyde .and, fixed.in- p_erfuts‘ii_on. fixative. overnight.

25 Brains were stored in 25% sucrose in 0.1M PBS (pH7.4) until the tissue sank. Frozen
- coronal sectiens, (30um) of striatumn,, globus pallidus..and.substantia nigra were cut
using a.microtome .and  stored in.0.1% ;:~‘S°,<iiu.r;n.:;,-,§.+?-id§..ui.n.-- 0.IM;.PBS-at 4°C.

. Immunoreactivity for. Choline :;cctyltr@g(&:;asg;.,(.qpé:lz) iw:a,_s_;k_c_s,tg_l_?‘l‘is}jgg by staining
.. ,using a free floating section. method., Briefly. .;hggx_]_qbpd;gg;,\yege__qi-»im\:tcd;_.in 1% goat
30 serum. The sections were incubated in?.2%,}t;;itpn :i_,n,;.O,;JVM;.E?I?S_/At,;:i_;gnKatffl".?C overnight
before immunohistochemistry. The sections were pre-treated with 1% H,O, in 50%
;methanol for 20.minutes. The sections were then incnbated with rahhit (?.b) anti ChaT
(1:5000) antibodies (the primary antibodies) in 4D on a shakpr_foxj two days.. The

sections were washed using PBS/triton (15 minutes x 3d) and then incubated with goat

BNSDOCID: <WQO__9814202A1_1_>
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- anti-rabbit biotinylated secondary:antibodies { 1:1000) at room temperature overnight.
_The-sections were.washed and incubated in (ExirAvidin TM Sigrna 1:1000) for 3 hours
and followed by H,0, {0.01%) in 3,3-diamincbenzidine tetraliydrochloride (DAB.
-0.05%] reaction.. These sections-were mounteéd on chrome aium-coated slides. dried.

5 dehydrated and covered.. . .. 7. 0 : - P
-0 e e - .. T AT F ]
. - The striatal neurons in both hemispheres wl:ich showed ‘specific immunoreactivities
- - - corresponding to, ChAT were-courited using a light micrecscope -and a” lmam 2x1000
ney ~ - grid.: The size.of.the striatal regjion.used for: the count was measiired using an image
10  analyser. ‘The total. counts of néurons/mm* were compared beiween the GPE and
vehicle treated group.:- Daia:were ‘ahalysed.with paired t-lest and presented as mean
. 1 +/- sem:{ Results:are:presented .in Figure:l.c. - -
P i DR T T o s It LA S
+., This-figure'shows that the number.of ChAT immunopositive:néurons increased in both
<15  the right and.left (uninjured):sides. This clearly i‘n"dicates- that adrninistration of GPE
:is effective to.upreguiate: ChAT expression. = .7 7 'y -
EEE I R L T T S A R A I
cExample 2 ;e oy pnany L TR INE s me LS o e T
.*20 The objective.of these.studies was-to detérniine the effects of administering GPE on
expression of GAD:in the;presence or-absencerof CNS injury.” The experimént involved
treating the rats with a control vehicle or GPE 2 hours after a focal'CNS injury. Thesé
rats had an hypoxic-ischemic injury to one cerebral hemisphere induced in a standard
.. - -manner-(ligation-of the carotid artery). The degree:and length of hypoxia. the ambient
250 ‘temmperature ;and humidity ‘were: defined- to standardise€’ the degreé-of damage.  The
. rneurcnal death .is'restricted to the sideiof:the carotid-ligation-ang-is primarily in the
»7hippocampus, dentate:gyrus, striatumi and- lateral:cortex: of the ligated hemisphere.
». - :There is.no neuroral lossin the contralateral hemisphers. '

s PN [ ST .. .
R T 3 . : s

30 Specifically, nine pairs of adult wistar rats (280-320g) were prepared under .
.. halothane/O, anaesthesia: :Thé right side carotid artery was ligated. ‘A''guidée cannula
~ was placed on'the dura 7.5mm arntefior from stéreotaxic zeroand ‘¥.5Smm{rom midline
‘~'on the Tight." -The rats' were allowed to recover for I hour and were then placed in an

incubator with humidity 90+/-5% and temperature 31+/-0.5°C for 1 hour before

BNSDOCID: <WQ__9814202A1_1_>
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hypoxia. Oxygen concentration was reduced and: maintained at 6+7-0.202% for 10
minutes. The rats were. kept imithe incubator for 2 hours -after- hypoxia and then’
treated- either with 3ug GPE ‘or vehicle alone (0.1 M citrate buffer {(pH6]. diluted 10 .
times in- 0.1%-bovine serum albumin:in-0.1 M- phosphate: buffered ‘saline [PBS]
[pH7.31). A further 6 rats were used as normal controls. The rats were sacrificed
using pentobarbital 3 days after hypoxic-schemic injury. Brains were perfused with
normal saline.and:4%: paraformaldehyde and fixed in perfusion fixative ‘overnight.
Brains were stored in 25% sucrose in O:I'M.PBS tpH7i4) until thetissue sank. Frozen

coronal sections (30um) of striatum;.globus-pallidusand Substantia nigra. were cut

-.using,; a--microtome and- stored -in:: 0:4%: sodium‘azide:: in. 0.1M PBS at” 4°C.

Immunoreactivity for' GAD; was established by staining using.a:free floating section
method. Briefly. the antibodies were:diluted -in.1% goat'serum. ~The-sections were

incubated in 0.2% triton in O0.1M PBS/triton at 4°C overnight before

., immunohistochemistry. The sections:were prestreated with 19%-H,0; in 50% methanol
. for 20 minutes.- The sections:were then:incubated:with:rabbit:(Rb):anti-GAD (1:5000) -

antibodies (the primary antibodies) in.4D.on:a shaker-for two-days. = The sections were
washed using PBS/triton (15 minutes x 3d) and then incubated with goat anti-rabbit
biotinylated secondary antibodies (1:1000) at room temperature -overnight. ' The
sections were washed and incubated in (ExtrAvidin TM Sigma 1:1000) for 3 hours and
followed by H,Q, (0.01%).in:3,3-diaminobenzidine .tetrahydrochloride (DAB. 0.05%)
reaction., These ssections ‘were: mounted:.on: .chromnfe -aliitm. coated- slides. dried.

L

. dehydrated:and covered. .« <~ T - LT S S I

. oy PRI . v N TR SN EET vegp e
B T A R PO R A A S TS PR S N

FE

. The striatal:neurons .in both hemispheres which 'showed specific immunoreactivities

. -corresponding to GAD were counted usinga light microscope and a 1 mm:-2x1.000:grid.

. The size ;of -the striatal region: used.for. the <count -was-~measured ‘using»an image

. analys_e:.:;;’]‘he total .counts of- neuron_s/mm?):wcrcaqgmparedw betweén ‘the :\GPE and
vehicle treated group..‘Data were analysed with paired: t-test:and :preSeﬁ.tcd"as mean
+/- sem. Resultls are presented in Figure 2.

B L T E T S e O L 3 P 000 T D ST U T e A A
This figure.shows that the number, Ql?,GAD‘,_i‘rnmunop,osi-tive neurorns-increased in the
right side whereas Paryalbumin (a marker for.the.same.cell tyme) was notincreased,

, showing. that GAD expression was. upregulated in the $surviving cells (*p<0.05).

b

BNSDOCID: <WO___9814202A1_1_>



WO 98/14202 © PCT/NZ97/00132

- Example 3. Ty, e T P S
. “The objective of.these studies was to determine the effects of administering GPE on
expression of NOS in the presence.or absence of CNS injury: Thc-exper»iment involved
S5 treating the rats with a control vehicle or GPE 2 hours after-a focal CNS‘injury. These
rats had an hypoxic-ischemic injury to one cerebral hemisphere induced in a standard
manner- (ligation of the carotid artery). The degree and’length of hypoxia.-the ambient
1. temperature and-humidity ‘were: defined ‘to standardise tlié degree of damage. The
.-~ neuronal death:is restricted’ tc the side:of the carotid ligation and is primarily in the
© v TO'_ hippocampus;-der.iate gyrus, striatum and lateral cortex of the ligated hemisphere.
. . There.is:no:neuronai'loss’in the contralateral hemisphere. .= % .+

Specifically, nine pairs of adult wistar rats (280-320g) were prepared under
.1 ~halothane/O, anaesthesia.Theright side carotid artery was ligatéd. A guide cannula
.~ 15 . _was placed on"the dura 7Z:5mm-anterior from stereotaxic zero and 1.5mrm from midline
on the right.. The rais were aliowed to fécover-for 1 hour and were then placed in an
incubator with humidity 90+/-5% and :temperature 31+4/-0.5°C for 1 hour before
“hypoxia. Oxygen concentration was reduced and maintained at 64/-0.262% for 10
minutes. The rats were kept in the incubator for 2 hours after hypoxia and then
. 20 - ireated either with: 3ug GPEiorivehicle aione:(0.1M citrate buffer [pH6], diluted 10
- times .in’ 0.1% bovine :serum  albumin in ‘0.1M -phoéphate buffered saline {PBS]
“: 0 IpH7.3D: A further:6 rratsi'were used as inormal-controls.” The rats were ‘sacrificed
i:using.pentobarbital 3:days after ‘hypoxic-schemic injury.-. Brains were- perfused with
- normal .saline ‘and-4% ‘paraformaldehyce’ and‘fixed in perfusion fixative' overnight.
. 25~ 'Brains'were storedin 25% sucrose:in 0.1M PBS (pH7.4) until ihc',tiSSBe'é'ink. Frozen
-coronal sections (30um) of:striatum; -globus pallidus and substantia’ hjgra were cut
using a microtome and stored in 0.1% sodium "azide in O‘lMPBS at 4°C.

Immunoreactivity for neuronal nitric oxide synthctase (NCS) vtiﬁé"é‘s;talilished by
" staining using a‘free*floating Section method. <Btiefly. the antibodies were diluted in .

12:30:':: 1% goat serum. ' The sections'were incubated in 0.2% triton 'in 0.1M PBS/triton' at 4°C

st overnight before-immunohistochemistry.: The'sections ‘were pré'é'treéte'd: with 1% H,0.
=1t .7 in 50% methdnolfor 20 minutés. Thé-sections were then inc¢ubated with rabbit (Rb)
SE T -anti-NOS ( 1:3000) antibodies (the primary dntibodies) in' 4D on a'shaker for two days.

¢+ The'sections were washed usinig PBS/triton (1’5 minutes x 3d) and then tncubated with

-10 -
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goat anti-rabbit biotinylated secondary antibodies (1:1000) at room temperaturc
overnight. The sections were washed arnd incubated in (ExtrAvid‘in TM Sigma 1:1000)
for 3 hours and followed by H 0, (0.01%) in 3:3-diaminobenzidine tetrahydrochloride .
(DAB,. Q.OS%) reactjon.- These.sections were-mounted on.chrome aJum coated slides,
5 dried. dehydrated:and -covered. . .-« a i s e
P P R S N S S N A I R
The ,str,i%ti.gl neurons. in both hemispheres which showed specific irnmiunoreactivities
‘,.corrcsponding to NOS were counted using a-Light microscope and:a lmm 2x1000 grid
10 - .ana;lyser._; The,tot,al counts :of neurons/mm? were .compared. between the GPE and
vehicle treated group. Data were: analysed :with ;paired.t-test-and presented as mean
+/- sem. Results are presented in Figure 3. | |
PRV T onlaew D L avwing Anuyn owiteloamok

. __{Tjhi_,s figure shows that.the number cf, ;tNO_S‘;;.im:ml}nop‘os»itwc«;nem;éns increased in both

D
15, the right and left (uninjured) sides (#p=0.072:1p&0.008).- This.clearly indicatés that
,-administration of GPE is effective.to upregulate NOS expression. -, . . : ’
T P T L SO A LU g U BT gt e o

-g~3§;xap1ple$ TR P Sielliag

i > .o . -

20 The:objective-of this study was to deteriine the effect -of GPE:administration on the

- expression of GAD,:NOS and ChAT in the presence.or absence.6f injury'to the striatum

© .7 7. ~induced by.quinolinic acid.-When injected into the;striaturn in expérimeéntal animals

-:quinolinic acid: produces . lesions . arising. from.-the. loss.of. striatopallidal and
. .- -Striatonigral GABAergic -projection- neurons; butrspares::ithe -axons .in. the striatum
- 25 (Science, 219.:3 16-318 {1:983)}. i ,Rats were -either treatéd -with:a:control:vehicle or

GPE.2 YEO,U,YS. after administration:of quinolinic.aeid. ;.02 oo

B AL T T PR SO VA S SN SRS S U L STR TS S L
‘MaterialsandMethods KRR DA SR L WSS R SR Sl 1t

. . Atotal.of 14 adult.male Wistar rats:(280:310g) were uscd in thls mvestlgatlon Eight
30 .. rats were anaesthetized using halothane/O,anaesthesia. Aminjection of quinolinic acid

- (78 units, Sigma, dissolved. in 4M ‘NaOH). was stereptaxically; place,d.':ln ‘the dorsal
,region of the right striatim. 0.8mm anterior;tn bregma 2.8mm lateral to the midline

and 4.0mm ventral to the pial surfaee,, 2-hours later an injection-of 3ug GPE or vehicle

. alone (0.1M citrate buffer [pH6), diluted, 10 times in-0.1% bevine serum albumin in

=11 -

BNSDOCID: <WO___9814202A1_I_>



5

“WO 98/14202 "PCT/NZ97/00132

0.1 M phosphate buffered saline [PBSIIpH7.3]) was administered into the right lateral

ventrical via a guide cannula 7.5mm anterior from stereotaxic zero, '1.5mm from the

- ‘midline on the right, and vertical 3mm. Six rats were used as normal controls.

The rats were sacrificed using pentobarbitol 3 days after the quinolinic acid induced
- striatal injury. Brains were perfused witn 10% buffered-formalin (pH7) and processed

for immunoreactivity for GAD, NOS which are.found in GAEAergic internsurons in the

- . striatum and ‘ChAT, which synthesizes .zcetylcholin€é &nd’is ‘found.in cholinergic

10

neurons in the striatum. Brains were stored in 25% sucrose in 0.1M PBS (pH7.4)

until the tissue sank. Frozen coronal sections (30um) of the stria;um; globus pailidus

- + and substafitia nigra: Were citrusing a micrétome and storéd in 0-1% sodium azide in

15

. (ExtrAvidin™, 1:1000; *Sigma): for: 3 "hours and’ then reacted 4in" 0.05% 3.3-

257

+30

<0.1M’PBS ‘at '4°C: Immitinoreactivity: for GAD., NOS and ChAT was ‘established by
staining using a free floating method. Briefly, the antibodies were diluted in 1% goat
serum. The sections were incubated in 0.2% triton in 0.1 M PBS/triton at 4°C overnight
before immunohistochemistry. The sections were pre-treated with 1% H,0, in-50% :

methanol for 20 minutes. The sections were then incubated either with rabbit anti-

- GAD (1:5600); rabbit:anti-NOS (1:3000) or rabbit anti-=ChAT {1:5000) in 4D on a

shaker for two days. The sections were washed using PBS/triton (15 minutes x 3) and
then incubated with goat anti-rabbit biotinylated secondary antibodies (1:1000.

Amersham) at room ‘temperature évernight.: Sections were washed and incubated in

diaminobYenzidine tetrahydrochloridé and '0.01% H,O; t6 produce a brown reaction
product. These sections were mounted on -chrome “aium coated slides, dried,

dehydrated and covered.

. PR . - -
PE . S A R A ot
o AN [ W Eal Ll Lo ..» At PRI 4

The striatal neurons in both hemispheré’é‘-wmehu showed specific 'i_rnriiimo'rcac'tivitics
corresponding to GAD, NOS and ChAT were counted using a light microscope and a
1mm 2x 1000 grid. The size of the striatal regiorn used for the‘ccurnt was measured
using an image analyser (Mocha image analysis software). The total counts of
f neuréns/mn? -wete coniparéd/between the GPE and ‘vehicle treated group.: The data
has not been analysed for statistical signigicaiice. Tissuefrom one of the GPE treated
animals was ‘unable to bé counted. - These Tesuilts are presented in Figures 4-6.

, . . e - .- L n .
PR R D A T SO R R I e . .

-12 -

BNSDOCID: <WO___9814202A1_|_>



WO 98/14202 PCT/NZ97/00132

Results :
Flgure 4 shows a loss of GAD immumoreaciivity.in the striatum on both the left (non-
.. injured) and right sides of the brain following injury. GPE induced an uprcgulauon of
GAD expressnon on both sides of the brain.
5 T Lo DLt ERER Cooae
Figure Sishows a.Joss:of NOS activity in the striatum-after.injury on both; the left and
-..right sides of the brain..: GPE induced: anupregulation of enzyme -expression on both

sides of the brain: restoring the enzyme levels. to normal om: the left-(non-injured) side

i, of the brain., .= - nl e vt wisnll o nnisd .
PRO- o e e e e sy Gt s o T e A e s

. Figure 6 shows a loss of ChAT immunoreactivity after-injury on both;sides of the brain.
: . GPE treatment upregulated the.levels; o“f;ChAjI‘ -tQ;above-normal en the right«tinjured)
side of the.brain. , « . . = o ot e srdEneh soh 8 g b D e
R Gy DAL by Vs  temiadi s Bus ey anaiioy oY o o

S5, Comelusions: | - g s s T amen s o i o e b

. These-results demonstrate the ability. of GPE:10 regulate: the expression of GAD. NOS
. ~and ChAT inthe CNSi» =i ¢ 7 oo e g e 20870 ’
S R P MR LA TSI IPEAL RS TR L1 AR S SO S
:20.  Furthermore..the results indicate that GAD ard-NOS are-regulated in the.presencesand
oo absence of the quinolinic-acid induced injury: --:.’I‘-J{}i_s; clc_arly»dcmonstl;épes the effect of
GRE. in upregulating GAD;and NOS expression independent-of a response, 1o neural
damage- or a threat.to.neural cell survival,, --..; =00 w0 TRy
. 25 The results also show that ChAT can be upregulated by GPE in the presence of

.. . -quinotinic acid induced, peural INJury. .. ..o nq gin L onc T e 0T

e Y e TP T & S TUALT T e SO TN et e
AINDUSTRIAL APPLICATION ... . . ., =i o o e PR IS NI
oL UV e e e e e med e AT vepaiany s s L e

.30 -The experimental.results demonstrate the ability of GPE .to increase the-amount of.the
neural enzymes ChAT, GAD and NOS,in-the;CNS through.a direct.increase in enzyme -
- expression. Further..the results.indicate that.expression of both ChAT .and NOS is

upregulated both in the presence and absence of neural injury. This clearly represents

-13 -
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that the effect of GPE in upregulating éxpression of these enzymes .is independent of
a response to neural damage or a threat to neural cell survival.
These: findings .make GPE and .its analogs applicable.in .treating a number of
_A_S_ . neurological disorders or. conditicns, either therapeutically er propiylactically. Indeed.
- -t will bc-qppar_ent to those-persons.skilled in-the art that GPE and-its analogs can be
employed at any time where a patient would benefit from an increase in the expression
of ChAT, GAD or NOS withir: the,CNS. - Neurological disorders cr conditions which
ot w\ould.be‘nejﬁt;.frgnjg"th.i‘s; include, but-arc-not limited to the following:
10 Yope ottt Lty e U L e 2o

motor neuron disease, Alzheimers disease, muscular dystrophy, peripheral -

.t e s NEUropathies;.autonomic neuropathies; memory loss, aging and other forms of
neurodegeneration-(ChAT); - j3. .« -~ = o
15 _postasphyxial- . seizures: _ epilepsy::..and: ‘-other - convulsive disorders,

neurodegenerative diseases such as Huntingtons, plus-the immediate post acute
_phase following head trauma, stroke, and other forms of hypoxic ischernic brain
injury (GAD); and |
20 subarachonoid.-haemorrahge.. transient- ischemic- attack, 'stroke, multinfa.rct_
dementia, cerebral vasculitis and traumatic brain injury plus the immediate
.1 - post.acute. phase. following head .trauma: stroke and-other forms of hypoxic
. ischemic brain.injury.-: - & . - o2t o '

. [T e B S gw P S T R TN
1A Lt R AT S S 4i . P L P |

25 It will be appreciated that although the present invention is described above -with
reference to certain specific embodiments, the description provided is exemplary only

- and.that the invention.is limited on!y. by the lJawfu! scope oi the appended claims.
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CLAIMS . .

I. A method of treatment of a patient suffering from or susceptible to a condition

in.which an increase in the amount of a neural enzyme: selectéd from ChAT.

5 - ~NOS and GAD is desirable; which method comprises the stép of increasing the

“effective amount of the GPE or an-analog-thereof within'the CNS of said patient.
T R I SRS SO S U IL I | ‘

© 22, . .Amethod of treatment as claimed-in claifri‘l'.'whereinthé concentration of GPE

or an analog thereof:is increased by administering’to said’ paiiéht an effective

10 amount of GPE or said analog of GPE or of a prodrug thereof.

: 3..-~ -A method of treatment.as elaimed in‘claim:2 Wwherein the concentration of GPE

is increased in the CNS by direct adihinistration of GPE .t ¢

-»18.. 4. = A method according to any one of claims.}'té 3 whi¢h'is’prophylactic.

e v L e e s e e ene ot N
LTSN T T3 L Lo !

ey (RGN A

. 51« A method according to any-one of claims’ I't6:3:Which-{s therapeutic.

T IR P
PR :

6. A method according to any one of claims 1 to 5 wherein the condition is one in
.20, .- . which an increase in the amount of CHATis desirable. ' '
o PEIOATE R SO
- 7. . Amethod-according to-claim 6-wherein’ the' condition is selected from Motor -
Neuron disease, Alzheimer's disease, “muscular’ dystrophy, peripheral
neuropathies, autonomic neuropathies, memory loss and neurodegeneration

i

25 .. coduetoaging oo 0 L T T ea e

: 4 - v .k - .
. . - oo I R T R e o A IR R O I S S E N -

. y e ’ Tl - rrt ‘ . t RO PRESY P R R L EE ¥ A RS SR T - LI
- N . L . H . H

8. ...~ A method according to-any-one of claims 1:to 5 wheéreéinthe ‘é'ori_q:ivt}ion‘is one in

which an increase in the amount of GAD is desirable.

30 9. A method according to claim 8 wherein said condition is. selected from
postasphyxial seizures, convulsive disorders, neurodegenerative diseases and

hypoxic ischemic brain injury.

-15 -
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10.
11,
5
12.
10
13.
15
14.
20
15.
25
16.
30
17.

BNSDOCID: <WO___9814202A1_1_>

A method . according to any one of claims '1.to 5 wherein the condition is one in

which an increase in the amount.of NOS is:desirable. .

A method according to claim 10 wherein said conditionis selected from
subarachonoid haemorrahge,. transient ischemic. attack. stroke, multinfarct

dementia, cerebral vasculitis and traumatic brain injury.

A method of upregulating the expression of the neural enzyme ChAT in a patient
for therapy or prophylaxis of a neurological disorder or condition, said method
comprising the step of increasing the efféctive amount of GPE or an analog

thereof within the CNS of said patient.

A method of upregulating the expression of the neural enzyme GAD in a patient
for therapy or prophylaxis of a neurological disorder or condition. said method
comprising the step of increasing the effective amount of GPE or an analog

thereof within the CNS of said patient.

A method of upregulating the expression of the neural enzyme NOS in a patient
for therapy or prophylaxis of a neurological disorder or condition, said method
comprising the step of regulating the effective amount of GPE or an analog
thereof within the CNS of said patient.

A method according to any one of claims 11 to 13 which comprises direct
administration of GPE, an analog thereof or a prodrug thereof to the CNS of

said patient.
The use of GPE or an analog thereof in the preparation of a medicament for use
in increasing the amount of a neural enzyme selected from ChAT. GAD and NOS

within the CNS of a patient for therapeutic or prophylactic purposes.

The use of claim 16 wherein the medicament is for use in increasing the

expression of ChAT in the CNS of a patient.

16 -
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18. The. use of claim 16 wherein the medicament is for use in increasing the

expression of GAD in.the. CNS of-a'patient. :

19. The use:.of claim '16 .wherein the: medicament is for use in increasing the

5 . .expression of NOS in the CNS of a:patient. ..+ » = . .~ %0
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Effects of GPE on ChAT immunopositive neurons
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Effects of GPE on GAD Immunopositive neurons
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Effects of GPE on NOS immunopositive neurons
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